1
. With more than 10 million cases and 1.7 million deaths each year, tuberculosis remains the leading cause of death due to an infectious disease. The burden of tuberculosis is unevenly distributed, with 30 tuberculosis high-burden countries accounting for 87% of all tuberculosis cases in the world 2 . Tuberculosis is a typical disease of poverty and all the high-burden countries are in the developing world 3, 4 . China ranks as the country with the third highest tuberculosis burden in the world, with about one million incident cases each year 2 . Numerous literary sources describe a disease resembling tuberculosis in ancient China, suggesting that tuberculosis has affected Chinese populations for thousands of years [5] [6] [7] [8] . The oldest literary description suggestive of tuberculosis is from ~5,700 years ago, predating the first dynasty Xia in China 6 . MTBC DNA was detected in human skeletons from Xinjiang province dating back ~2,000 years before the present 5 . Based on these observations, the current epidemic of tuberculosis in China may have very deep historical roots. However, unlike Western Europe, which was devastated by the so-called white plague of tuberculosis during the eighteenth and nineteenth centuries 9, 10 , the historical record does not contain any similar descriptions of severe epidemics of tuberculosis in China 11, 12 . Therefore, it remains unclear when epidemic forms of tuberculosis first arose in East Asia, and what course these epidemics may have followed throughout Chinese history 11, 13 . Starting in the second half of the past century, China underwent major social changes, including strong population growth, massive internal migrations of rural workers to urban areas, increases in household crowding, and later the incursion of the human immunodeficiency virus pandemic 14, 15 . It is not clear what role these factors have played in enabling epidemic forms of tuberculosis to flourish in the more recent past.
The global spread of MTBC strains is mainly driven by human activities. Previous research suggests it was globally disseminated as a result of human movements driven by exploration, migration, trade and conquest [16] [17] [18] [19] . Although more recent human movements linked to globalization might disturb phylogeographic patterns, MTBC lineages still vary in their distribution between countries and continents 20, 21 . These geographic patterns can shed light on historical phenomena that contributed to the spread of tuberculosis 22, 23 . Greenland and Nunavik have demonstrated a single recent origin for the regional population of pathogens 24, 25 , while studies from Ethiopia and Vietnam point to more ancient and complex origins for the endemic population of MTBC 26, 27 . In this study, we aimed to investigate historical migration events and bacterial population history underlying the current tuberculosis epidemic in China. To this end, we integrated analyses of genotyping and WGS data from 4,578 MTBC isolates collected throughout China. Our findings demonstrate that, although the extant population of MTBC in China is large, almost all strains currently circulating in the country descend from only four ancestors introduced into China around the turn of the second millennium.
Whole-genome sequencing (WGS) studies of MTBC populations in

results
A large MTBC population with low genetic diversity. We first collected spoligotyping data from MTBC isolates sampled throughout China to obtain an initial picture of the MTBC population structure in the country. Spoligotyping records for a total of 16,621 isolates were obtained from 26 studies covering all 32 provinces in the country, and 15,217 of them could be successfully assigned to known lineages (Supplementary Table 1 ). Among these, 12,302 (80.8%) were classified as MTBC lineage 2 (L2), 2,570 (16.9%) were assigned to lineage 4 (L4), 227 (1.5%) were assigned to lineage 1 (L1) and 118 (0.8%) were assigned to lineage 3 (L3) (Fig. 1a) . These data are in line with the previous observations that the Beijing family strains (belonging to L2) are most prevalent in China 28, 29 . Our results indicate that L2 and L4 are distributed throughout the country, whereas L1 is most prevalent in Taiwan (southeast) and L3 is most prevalent in Xinjiang (northwest) (Fig. 1a) . The overwhelming majority of tuberculosis cases in China were caused by L2 and L4 strains.
To characterize the genetic diversity within L2 and L4, we further genotyped a countrywide collection of 4,578 MTBC isolates using previously validated phylogenetic single nucleotide polymorphisms (SNPs) 21, 30 (Fig. 1b and Supplementary Table 2) . Of the 4,578 MTBC isolates, 99% were from L2 (79.8%) and L4 (19.6%). Within L2, sublineage L2.3 ('modern' Beijing) was the most prevalent throughout the country and accounted for 73.9% of all L2 isolates (Fig. 1c) ; L2.2 ('ancient' Beijing) accounted for 25.9% and was widely distributed, with a greater concentration in the south relative to the north; and L2.1 (proto-Beijing) showed a low frequency (0.2%) and was restricted to provinces in far Southwest China (Fig. 1c) . A total of 8 L4 sublineages were found, but 96.7% of all L4 strains in China belonged to only 3 of these sublineages (L4.2, L4.4 and L4.5), which were widely distributed throughout the country. The other sublineages of L4 were identified sporadically across the country ( Fig. 1d and Supplementary Table 2 ). Taken together, these results indicate that the tuberculosis epidemic in China largely traces its origin to a handful of MTBC sublineages (Fig. 1e) .
To put the MTBC strains from China into the wider context of the global population of the MTBC, we selected 306 representative isolates out of 4,578 genotyped strains for WGS (Supplementary  Table 3 ). In addition, we analysed 15,591 previously published MTBC genomes to represent the global diversity of the MTBC (Supplementary Table 4 ). These data illustrate the homogeneous composition of the MTBC population in China, in contrast with most other countries harbouring a greater diversity of MTBC (Fig. 2a) . A formal comparison of diversity, pairwise SNP genetic distances, nucleotide diversity (π) and rarefaction analyses consistently demonstrated that the genetic diversity of MTBC in China as a whole was lower than that of regional samples from individual cities in other countries (Fig. 2b-d) . It is striking that the world's third-largest MTBC population exhibits so little genetic diversity. continents were introduced via human migration. The diversity found within MTBC sublineages in China could have been generated before or after the introduction of the ancestral strains. To distinguish between these possibilities, we determined the phylogenetic positions of strains from China in global MTBC phylogenies. In the L2 phylogeny, although the most recent common ancestor of L2 has a mixed probability of Chinese or Southeast Asian origin, the ancestors of L2.2 and L2.3 have a predicted origin in China, with posterior probabilities of 99.6 and 98.6%, respectively ( Fig. 3a and Supplementary Figs. 1 and 2 ). This observation was robust to resampling analyses, in which we randomly reduced the number of isolates from China ( Supplementary Fig. 3 ). These results indicate that L2 diversified locally following the migration event that established its most recent common ancestor (L2.2) in China. Moreover, the globally extant L2 appears to trace to more recent migration events out of China and Southeast Asia.
In contrast, the tree topology of L4 revealed a deep separation between distinct L4 sublineages found in China, with other global clades interspersed between the Chinese clades (Fig. 3b) . This indicates that the indigenous sublineages of L4 diverged before their introduction to China. Chinese strains of L4.2 and L4.4 formed sister clades to strains from the same sublineage found in other regions, while the L4.5 branch is almost entirely composed of strains from China, except for two early-diverged strains that were isolated in Russia. Average pairwise genetic distances between strains from China versus other regions were 407 and 526 SNPs for L4.2 and L4.4, respectively, while the corresponding distances between strains from within China were 267 and 298 SNPs, respectively (P < 0.0001, permutation test) ( Supplementary Fig. 4 ). The ancestors of the Chinese clades in L4.2, L4.4 and L4.5 consistently had a most likely origin in China, with posterior probabilities of 99.4, 96.1 and 99.6%, respectively ( Supplementary Fig. 5 ). These results suggest that L4 strains in China diversified locally, with minimal global exchanges following their original introduction. We identified a novel sublineage provisionally termed L4.11 that appears to be specific to China (Fig. 3b) , and principal component analysis showed a clear division from its sister clades L4.5 and L4.6 ( Supplementary Fig. 6 ). These results suggest that the indigenous L4 sublineages arose from separate parallel migrations followed by local diversification.
Historical origins and expansions of the indigenous MTBC population. We estimate that L2 emerged around ad 223, L2.2 in ad 806 and L2.3 in ad 1520 under the MTBC-6 substitution rate model. These results are very similar to previous estimates using the same model 1, 16 . The indigenous L4 sublineages originated over a similar timescale (Table 1 and Fig. 3b ). It is remarkable that new sublineages formed in situ and important external introduction events occurred during a short window (ad 1150-1268) ( Supplementary Fig. 7 ). These numerous contemporaneous emergences indicate that epidemic expansion of tuberculosis was occurring during this period, probably as a result of environmental conditions that favoured the pathogen. None of the currently prevalent sublineages was introduced after ad 1383, indicating that the current tuberculosis epidemic in China has largely been shaped by introduction events in the early second millennium. We identified stepwise growths in the effective population size (N e ) in all of the indigenous sublineages between the twelfth and eighteenth centuries (Fig. 4a) . Intriguingly, L2.2 and the three L4 sublineages appear to have followed parallel demographic trajectories: each started to expand around the twelfth century, then experienced two or three waves of major expansions before plateauing and then going through a precipitous decline starting in the 1950s (Fig. 4a ).
To explore a potential correlation between MTBC population growth and human demography, we compared the human population growth curve 32 with the MTBC N e curve (Fig. 4b) . We observed similar trends between human and MTBC population growth: the first sharp increase in the MTBC N e followed the major human population expansion during the Song dynasty (ad 960-1279); the second substantial increase in the MTBC N e was parallel to the population boom during the Qing dynasty (ad 1616-1912); and there was a period (thirteenth to sixteenth century) when both human and MTBC populations tended to be stationary. More recently (second half of the twentieth century), we observe a dramatic decline in the MTBC N e that coincides with the availability of anti-tuberculosis drugs and improved control of the tuberculosis epidemic: China has halved the prevalence of tuberculosis in the past 20 years and maintained a steady decrease in the tuberculosis incidence each year 2, 33 . The effects of drug therapy on MTBC diversity may extend beyond a decrease in case counts, in that positive selection imposed by antibiotics could promote displacement of diverse lineages via clonal expansion of drug-resistant strains 34 . Twentieth-century environments may also have introduced greater individual-to-individual variability in tuberculosis transmission as high-density, crowded locations allow extended chains of transmission to develop; this transmission variability is also expected to be reflected in reduced pathogen N e 35 . These concordances between human historical phenomena and bacterial demography suggest that the current epidemic of tuberculosis in China was enabled by the historical growth of human populations, probably including nonlinear effects such as crowding and urbanization. These results also highlight the continuity of the MTBC population in China over the past 1,000 years.
L2.3 dominates recent population dynamics.
It is notable that L2.3 emerged relatively recently; that is, ~450 years after the first expansion of L2.2 and ~300 years later than the three indigenous L4 sublineages. However, L2.3 is likely to have swept rapidly through the population (Fig. 4c ). Our estimates of the population growth rate per year (based on changes in the median N e ) imply that L2.3 may have expanded 1.4~3.5 times faster than the other sublineages (Table 1) . It is also interesting that the growth of the other sublineages slowed or ceased as L2.3 started to expand (Fig. 4a,c) . We further compared 15-locus mycobacterial interspersed repetitive-unit (MIRU)-variable-number tandem-repeat (VNTR) cluster rates (an indicator of recent transmission) of sublineages in 6 geographically distinct populations (population sites in Fig. 1b ). Our data showed that isolates belonging to L2.3 were more likely to be clustered compared with the other sublineages (odds ratio = 3.7, 95% confidence interval (CI): 2.9-4.8), consistent with higher rates of transmission (Table 2 ). This finding remained statistically significant when we repeated the comparison using different sets of VNTR loci to define clusters (Supplementary Table 5 ). These analyses suggest that relatively high transmission rates have contributed to L2.3's dominance of modern MTBC populations. We also observed bias in the frequencies of L2.2 and L2.3 outside China (Fig. 5a ). Among the L2 strains sampled in other non-Southeast Asian countries, 94.3% were caused by L2.3 while L2.2 accounted for only 5.7% (chi-squared test, P < 0.0001). This result suggests that the emergence of L2 strains across the globe has been driven primarily by L2.3. 
Internal and global dispersal routes of indigenous genotypes.
To explore the possible dispersal routes of the indigenous MTBC genotypes in China, we created contour maps showing the relative concentrations of each sublineage across the country (Fig. 6 ). We identified hotspots for L2.2 in the southwest and northwest, suggesting that this sublineage expanded out of two distinct geographic foci (Fig. 6a ). L2.3 was concentrated in the northeast, with a single hotspot around Beijing and a gradual decrease in prevalence as a function of distance from the city (Fig. 6b) . Beijing has been the capital city of China since the Yuan dynasty (ad 1271-1368). Since then, the human population in Beijing has doubled and continues to grow rapidly 36 . As the political and trade centre in China, Beijing was the central hub of population flow and interchange of resources between the thirteenth and twentieth centuries 37 . L2.3's emergence in the context of Beijing's expanding and mobile human population may have contributed to its success.
All three indigenous sublineages of L4 are concentrated in Southern China (Fig. 6c-e) , suggesting a role of migrations to this region in the original establishment of these sublineages. In Central China, L4.2 and L4.4 are concentrated in Sichuan province, which is consistent with the local history in that the inhabitants of Sichuan are mostly immigrants from Guangxi, Guangdong and other southern provinces where L4.2 and L4.4 are most prevalent (almost one million migrants moved to Sichuan following the great massacre in the late Ming dynasty that almost emptied that province) 38 . Taken together, these results highlight the importance of human historical phenomena in shaping the genetic diversity of MTBC within China.
We also observed historical and recent exports of Chinese L4 strains. L4.5 strains were sampled in the United Kingdom and Germany at relatively high frequencies (Fig. 5a) , and those strains formed European-specific clades nested within the Chinese L4.5 clade (Fig. 5b) . Their deeply rooted positions suggest that they were exported in ancient times. Intriguingly, we noticed a consistent pattern in that the early-diverging branches closest to European L4.5 clades were sampled exclusively in Northwest China (especially in Xinjiang province). This pattern could result from the dispersal of L4.5 to Europe through the ancient overland Silk Road, on which Xinjiang acted as one of the crossroads of Eurasia 39 . A more recent example is a strain that caused an outbreak in Ontario, Canada in the 1990s, which turned out to be a descendant of the Chinese L4.4 clade (Supplementary Fig. 8 ). The origin of the relative ancestor was estimated to be around ad 1973 and the closest branches to that strain were sampled in Guangdong province (Southern China), suggesting that this strain hitchhiked the Chinese migrant waves from Southern China to North America in the second half of the past century [40] [41] [42] .
A scenario of Maritime Silk Road origin. We inferred a European origin for the ancestors of L4.2, L4.4 and L4.5 ( Supplementary  Fig. 5 ), consistent with the designation of L4 as a 'Euro-American' lineage 43 . In our reconstructions of the individual ancestral states for L4.2, L4.4 and L4.5, we found the three China-specific clades within those sublineages to have the highest probability of an origin in Southern China ( Supplementary Figs. 10 and 11) . The Chinese clades of L4 could have been introduced from Europe to South China via two major routes. The overland route traverses the Middle East, South Asia and Southeast Asia 44 . Alternatively, MTBC could have migrated by sea; for example, along the well-known Maritime Silk Road 45, 46 . In the former scenario, we would expect the L4 sublineages to be prevalent in the countries along the migration route to China, and the corresponding L4 sublineages there should form early-diverged branches to China's L4 strains. This is the case for L3, which is hypothesized to have been dispersed via the overland Silk Road 16 and is concentrated in Northwest China (Fig. 1a) . In contrast, the three indigenous L4 sublineages (L4.2, L4.4 and L4.5) were rarely detected in a large sample from countries including India, Afghanistan and Uzbekistan (Supplementary Table 6 ). Importantly, isolates from these countries were nested among samples from China, suggesting that L4.2, L4.4 and L4.5 diversified in China before spreading to other countries in Southern and Central Asia ( Supplementary Fig. 5 ). The emergence of the three L4 sublineages (ad 1160-1268) coincides with the period of peak activity for the Maritime Silk Road in China, during the Song dynasty (ad 960-1279). Trading in this period was intense and extensive between multiple ports in Europe and South China, such as Guangzhou and Quanzhou 46, 47 (Fig. 6f) . The Southern Chinese origin and timing of the origin of the indigenous L4 lineages are consistent with an emergence in the context of the Silk Road era maritime trade between Europe and China (Fig. 6f) .
Discussion
Through reconstruction of the evolutionary history of MTBC strains circulating in China, we demonstrate that the current tuberculosis epidemic stems almost entirely from historical human migration events that established L2 and three sublineages of L4 starting around 1,000 years before the present. Our data show that these strains underwent massive expansion over the past 1,000 years. This is remarkable in that there is no historical record of a severe tuberculosis outbreak in China 11, 12 , unlike the situation in Europe where the epidemic of eighteenth to nineteenth centuries constitutes a clearly defined and documented epidemiological phenomenon with marked cultural and demographic impacts 10 . A potential explanation for this disparity is differences in the timing and pace of industrialization in China and Europe. The devastating tuberculosis epidemic in Europe is believed to have been triggered by transitions in social conditions such as overcrowding and malnutrition linked to the industrial revolution 13 . The environment in China differed markedly in this period, as China did not participate in the industrial revolution 48 and the historical urbanization rate rarely exceeded 10% of the total population 49 . Historical tuberculosis expansions in China could reflect cryptic but frequent transmission, as reflected by the numerous descriptions of 'Lao-bing' (tuberculosis) in historical medical texts 12 . Our results indicate there was a period of four centuries during which the four indigenous Chinese sublineages expanded simultaneously, suggesting that growth of the pathogen population was driven by common ecological transitions such as growth of the host population and an increase in urbanization (the urbanization rate increased from 5% in the Tang dynasty (ad 618-907) to 10~13% in the Song dynasty (ad 960-1279)) 50 .
Why so little genetic diversity?. A simple explanation for the limited number of introductions of MTBC to China is its distance from the African continent, where MTBC appears to have first emerged 16, 31 . However, there is evidence to suggest that MTBC dispersed readily between Southeast Asia and the African continent 16 , which argues against a simple model in which migration events scale with distance. Historically isolationist policies may be of greater relevance: for example, during the Ming and Qing dynasties (ad 1368-1912), feudal rulers adopted a policy of seclusion that hampered exchanges with the outside world 51, 52 . Interestingly, we did not identify any indigenous sublineages that were introduced during that time interval. Alternatively, past genetic diversity may have been higher than it is at present if, for example, multiple lineages were displaced by a sweep of L2.3, or if they failed to survive the bacterial population reduction that followed the widespread implementation of anti-tuberculosis therapy. The newly discovered sublineage L4.11 could support this notion, as its wide geographical distribution at low frequency suggests that the population has been through expansion and contraction.
Propagation of the tuberculosis epidemic in China. Tuberculosis in China continues to be characterized by substantial ongoing transmission, with a reported recent transmission rate of ~30% 53 . Our analyses suggest that the current tuberculosis situation in China represents the waning era of an epidemic that expanded over the past millennium. As discussed above, historically isolationist policies may have limited the incursion of foreign MTBC in China, thereby contributing to the minimal genetic diversity observed here. Our results also suggest that historical patterns of mixing were uneven, and enabled a 'winner takes all' dynamic in which a small subset of the MTBC strains introduced to China came to dominate the population. The contrast between the indigenous genotypes and L3 or L1 is illustrative: L3 and L1 remain at low frequencies and are geographically restricted to the northwest (Xinjiang province) and southeast (Taiwan), respectively. We hypothesize that the disparate fates of these lineages and sublineages reflect historical variation in mobility and/or growth among subpopulations of hosts.
Our analyses here suggest that L2.3 spread out of Beijing, and we posit that the dominance of this sublineage reflects the centralization of the city within China over the past 700 years. Specific historical phenomena that are likely to have contributed to L2.3's dominance include growth and urbanization of the Beijing population and the city's role as a hub for migration within China 36 . Phenomena that are extrinsic to the pathogen, such as crowding and host malnutrition, can be powerful drivers of tuberculosis transmission and can lead to the dominance of specific MTBC strains that land under favourable conditions 17, 54 . Our results also suggest that L2.3 strains spread more rapidly than strains of the other extant sublineages. Hence, the rapid expansion of the L2.3 population may also have been facilitated by relatively high rates of disease progression following infection and/or larger numbers of secondary cases per source case 55, 56 . Recent studies have shown increased virulence of 'modern' Beijing (L2.3) strains in mouse infection models and induction of lower levels of proinflammatory cytokines than 'ancient' Beijing (L2.2) strains [57] [58] [59] . More recently, a study showed that mutations of ppe38 in L2.3 strains could completely block the secretion of two large subsets of ESX-5 substrates and lead to a hypervirulent phenotype 60 . Enhanced virulence could plausibly lead to more rapid disease progression following infection, and consequently high rates of spread. We posit that the success of the L2.3 sublineage results both from factors that are intrinsic to the bacteria (for example, increased virulence leading to rapid onset of transmissible disease) as well as extrinsic conditions, such as an expanding and mobile host population. It is possible that these phenomena interacted to make L2.3 a dominant sublineage. For example, the large size and high density of the human population may have better sustained ongoing transmission of rapidly progressive forms of tuberculosis than low-density communities of hosts.
Genetic continuity of the MTBC population.
A recent study of MTBC genomes from eighteenth-century Hungary found them to be nested within a phylogeny of contemporary strains, which points to continuity of MTBC lineages over the past two centuries in Europe 61 . We inferred that MTBC strains currently circulating in China trace to introductions that occurred around 1,000 years before the present. These findings demonstrate that the MTBC lineages that become established in favourable environments can persist for centuries. We hypothesize that the capacity of MTBC to establish long-term latent infections contributes to this continuity, which contrasts with bacterial pathogens such as Salmonella Typhi, Vibrio cholerae and Yersinia pestis, for which massive lineage replacements have been observed [62] [63] [64] [65] (see additional discussion in the Supplementary Information).
In conclusion, we demonstrate that China's tuberculosis epidemic is a historical heritage that stems from just a handful of introductions of its causative agent, M. tuberculosis. These introduced strains expanded in parallel, presumably in response to common ecological drivers of epidemic tuberculosis. The long-term genetic continuity and distinctive structure of local MTBC populations in this high-incidence region highlight the potential for MTBC population dynamics to guide the epidemiological surveillance of tuberculosis.
Methods
Countrywide sampling of MTBC isolates. The MTBC isolates analysed in this study consisted of two sample sets. The first was a whole-country dataset (70 random sites). In 2007, a total of 3,929 culture-positive MTBC isolates were collected from 70 counties for the purpose of surveillance for drug resistance. These counties covered 31 out of the 34 provincial regions of China (Supplementary Table 2) 66 . The number of isolates collected from each province was proportional to the number of smear-positive cases reported in that province relative to the total number of cases nationwide. These isolates were recovered on Lowenstein-Jensen medium from stored MTBC samples that were previously kept in a − 80 °C freezer. However, 702 isolates failed in recovery, possibly due to multiple freeze and thaw cycles. The second was a whole-population dataset (six population sites). From 1 June 2009 to 31 December 2010, a total of 1,375 MTBC isolates were collected at six county sites from six different provinces in China in a population-based molecular epidemiological study. Of these, 1,351 were available for genotyping in this study (Supplementary Table 2) 55 . These 6 county sites represented different geographic settings spreading south to north and west to east, and covered a total population of about 5.8 million inhabitants. All the county site locations were marked on maps using Tableau version 10.4 (https://www.tableau.com).
DNA extraction and SNP typing. Genomic DNA of MTBC isolates was extracted using the boiling method for lineage and sublineage genotyping 67 . As MTBC does not appear to engage in lateral gene transfer and homoplastic SNPs are rare 23, 68 , SNPs are ideal markers for typing MTBC sublineages 69 . L2 strains were classified into L2.1 (proto-Beijing), L2.2 ('ancient' Beijing or atypical Beijing) and L2.3 ('modern' Beijing or typical Beijing) sublineages 30, 70, 71 , while L4 strains were classified according to the previously defined ten sublineages 21, 30 . We developed six real-time PCR melting curve assays for SNP typing using the well-characterized sublineage-specific SNP markers (Supplementary Table 7 ). The principle of this SNP typing assay is similar to the drug-resistant mutation detection assay we developed previously 67 . Briefly, one dually labelled probe was designed for each sublineage-specific phylogenetic SNP. For each single-stranded nucleotide probe, one end was labelled with a fluorophore (fluorescein or rhodamine X) and the other end was labelled with a quencher. As the targeted sublineage strains differed by one nucleotide in the detecting region compared with other strains, the melting curve analysis would show different melting temperature values due to the altered annealing ability 67 . The targeted sublineage was thereby differentiated from the remaining sublineages. One probe was designed to differentiate L2 strains from the remaining isolates. For L2 sublineage typing, two probes were designed to detect L2.2 and L2.3, while the remaining isolates were sequenced by WGS to detect L2.1. For L4 sublineage typing, three probes were designed to detect the common L4 sublineages (L4.5, L4.4 and L4.2) based on our pilot typing results, while the remaining L4 isolates and those showing ambiguous typing results were further sequenced by WGS. A total of 32 isolates that could not be assigned to any known sublineage or that showed ambiguous typing results underwent WGS. All the real-time PCR melting curve analysis assays were performed on a Bio-Rad CFX96 platform.
Public data collection. Spoligotyping data collection. As spoligotyping results are generally concordant with lineage classifications based on WGS data 72 , we first collected spoligotyping data from MTBC isolates sampled throughout China to obtain an initial picture of the MTBC population structure in the country. We searched for research articles that published spoligotyping data of MTBC isolates collected from China on PubMed. We identified a total of 96 articles in a preliminary search, a large proportion of which did not provide detailed spoligotyping results or reported previously published data. A total of 26 articles provided valid spoligotyping results for 16,621 MTBC isolates with either original typing records or summarized typing results (Supplementary Table 1 ). Each isolate was assigned to the relevant MTBC lineage according to previously identified links between spoligotypes and phylogenetic lineages 72 . A total of 15,217 isolates could be successfully assigned to known lineages. Among the remaining isolates in the sample, 1,030 (6.2%) were classified as 'orphan' , 371 (2.2%) as 'Manu2' and 3 (< 0.01%) as 'Mycobacterium bovis' . Orphan strains could be variant types from any lineage that had not been recorded in the SpolDB4.0 database 73 , whereas Manu2 types could be DNA samples that were a mixture of L2 and L4 strains 74 . These two types were excluded from our subsequent analyses. The number of MTBC isolates from each province was normalized to the relative human demographic data when calculating the total prevalence of each MTBC lineage (Supplementary Table 1) .
WGS data collection.
To identify WGS data from global MTBC isolates, we searched for articles with WGS data published in PubMed and downloaded the original sequencing reads from the European Nucleotide Archive (EMBL-EBI). The geographic origin and year of collection for each isolate were extracted from the relevant article. We sent an enquiry to the authors of papers that did not include this information. Sequencing data were downloaded for 15,047 MTBC isolates and we obtained geographic information for 12,596 of them (Supplementary Table 1 ).
WGS and SNP calling.
A minimum spanning tree was constructed based on 15-locus MIRU-VNTR data for all the MTBC isolates genotyped here. We selected MTBC isolates from each of the clades to represent countrywide genetic diversity (a Perl script was written to sample isolates from each clade randomly). We purposefully did not select L2 isolates because previous studies have generated an abundance of WGS results for this lineage from China 31, 70, 75 . Genomic DNA was extracted from the 306 MTBC isolates (three of L1, 23 of L3 and 280 of L4) following the cetyltrimethylammonium bromide lysozyme method as described before 70 . A 300-base pair fragment length library was constructed for each DNA sample, and WGS was performed on an Illumina HiSeq 2500 system with either the single-end or paired-end strategy. We used a previously validated pipeline for the mapping of short sequencing reads to the reference genome 57 . In brief, the Sickle 76 tool was used to trim WGS data. Sequencing reads with a Phred base quality above 20 and read length longer than 30 were kept for analysis. The wholegenome sequence of the M. tuberculosis H37Rv strain (NC_000962.2) was used as the reference template for read mapping. Sequencing reads were mapped to the reference genome using Bowtie 2 (version 2.2.9) 77 . SAMtools (version 1.3.1) 78 was used for SNP calling with a mapping quality greater than 30. Fixed mutations (with a frequency of ≥ 75%) were identified using VarScan (version 2.3.9) 79 with at least 10 reads supporting and the strand bias filter option on. We excluded all SNPs that were located in repetitive regions of the genome (for example, PPE/PE-PGRS family genes, phage sequence, insertion or mobile genetic elements) that are difficult to characterize with short-read sequencing technologies. Small insertions or deletions identified by VarScan (version 2.3.9) were also excluded.
Phylogenetic reconstruction.
Mixed-infection isolates were excluded for phylogenetic reconstruction by investigating the genotype heterozygosity of SNPs as described previously 80 . For all phylogenetic reconstruction, SNPs of MTBC isolates were combined into a single consensus and non-redundant list while those nucleotide positions with gaps in more than 5% of the taxa were excluded (possibly due to insertions or deletions, low coverage or mapping quality at those sites). The alignments of polymorphic positions from all strains were used for phylogeny reconstruction using MEGA 6.0 (ref. 81 ). The neighbour-joining method was used for initial inference of the phylogeny structure when the taxa numbers were large. However, for the final estimation of phylogenies, the maximum likelihood method was applied under the general time reverse model with at least 100 replicates for bootstrapping confidence levels. Phylogeny trees were visualized in FigTree  (version 1.4. 3) (http://tree.bio.ed.ac.uk/software/figtree/) or iTOL (version 3) 82 . We adapted a recently described hierarchical nomenclature to define nodes and subclades within the tree in the definition of sublineages 30 .
Population genetic analyses. Pairwise SNP distance. We wrote a Perl script to calculate the number of pairwise SNP distances. For those countries with a large number of MTBC isolates, we randomly subsampled to 200 isolates in the calculation of pairwise SNP distances so as to be able to compare them with other countries with samples closer to 100 isolates. The distribution and mean pairwise SNP distance for each country was plotted with ggplot2 in RStudio (version 3.4.0) 83 . As the pairwise SNP distances from the country samples were not normally distributed, a Wilcoxon rank-sum test was used to test the differences between countries.
Nucleotide diversity. Average pairwise π values per site were calculated using the nuc.div function in the 'pegas' library 84 . As sample sizes varied among countries, we generated 100 subsamples, each equal to 200 isolates, and thereby calculated the CI for those countries with samples greater than 200 MTBC isolates. The random subsampling process was completed using the rand command in Perl. We used all isolates for analysis of the data from countries with 50-200 isolates. We did not include data from countries with fewer than 50 isolates available.
Rarefaction analysis.
Rarefaction is an ecological technique designed to estimate the species richness expected for a given number of individual samples, which is based on the construction of rarefaction curves. We used this method to evaluate the sublineage diversity of MTBC isolates from different countries. Rarefaction analysis was performed in RStudio (version 3.4.0) using the library 'iNEXT' 85 .
Phylogeographic analysis. We used RASP 86 , which implements both Bayesian and parsimony (S-DIVA) approaches, to estimate the ancestral geographic ranges of L2 and the three major L4 sublineages in China. To estimate the geographic origins of those MTBC sublineages, we divided the world map into five broad geographic areas and used them as a proxy for the most likely origin of each strain ( Supplementary Fig. 1 ). The reason we treated China independent from Asia was because we wanted to test whether the sublineages originated and diversified locally as opposed to being imported from other countries in Asia. The maximum likelihood phylogenies of both lineages and the corresponding geographic regions of origin for those isolates were loaded as a distribution. RASP reconstruction was performed without the outgroup. For the parsimony-based analyses, a maximum of two ancestral areas per node were allowed for range reconstruction. For the Bayesian-based analyses, 5 different chains during 500,000 generations were run. For the contour plots in Fig. 6 , the prevalence of each sublineage was determined by the MTBC isolates we genotyped in each province. Surfer (version 12) software (http://www.goldensoftware.com/) was used to contour plot each sublineage's frequency throughout the county.
Bayesian-based coalescent analysis. Dating analysis. We selected 96 MTBC strains from a published study to represent the global diversity of MTBC lineages 31 . These 96 strains, together with the 23 L2 strains and 41 L4 strains (10 L4.2 strains, 12 L4.4 strains, 11 L4.5 strains and 8 L4.11 strains) sampled from China, were used for phylogenetic reconstruction. A total of 24,792 concatenated genome-wide variable positions were used for phylogenetic analyses. We estimated the dates of the most common recent ancestors of L2 and L4 and their sublineages using BEAST (version 1.8.0) 87 . The XML input file was modified to specify the number of invariant sites in the MTBC genomes. For the MTBC genome substitution rate, we imposed a normal distribution for the substitution rate of MTBC with a mean of 4.6 × 10 −8 substitutions per genome per site per year (95% highest posterior density (HPD) interval: 3.0 × 10 −8 to 6.2 × 10 −8 ) as in a previous study 1 . We used an uncorrelated log-normal distribution for the substitution rate and a constant population size for the tree priors. We ran three chains of 5 × 10 7 generations sampled every 10,000 to ensure independent convergence of the chains, the first 10% of which were discarded as burn-in. Convergence was assessed using Tracer (version 1.6.0), ensuring that all relevant parameters reached an effective sample size of > 100. Phylogenetic trees were visualized using FigTree (version 1.4.3) .
Bayesian Skyline Plot (BSP) analysis.
A BSP analysis was applied to estimate the past effective population size dynamics of the L2 and L4 sublineages based on the substitution rate model indicated above. Ideally, one should use all the samples for BSP analysis, but this was not computationally feasible. In addition, the number of isolates that were sequenced by WGS for each sublineage was not proportional to their epidemiological prevalence, as some sublineages (L4.2, L4.4 and L4.5) were oversampled while others (L2.2 and L2.3) were undersampled. To reduce this bias and improve the tractability of our analyses, we subsampled isolates from the original collection and constructed a WGS dataset containing 500 MTBC isolates. The isolates from different sublineages in this dataset were randomly sampled from the original sequenced genomes and the number was proportional to their prevalence in China. Sublineage-based skyline analysis was performed, and the ages of the most recent common ancestors from dating analysis were used as the tree heights. For the MTBC effective population size curve in Fig. 4b , we integrated all the above isolates for the BSP analysis. In each case, 3 chains of 5 × 10 7 generations were sampled every 10,000 to assure independent convergence of the chains. For the past human population size changes, the demographic data were obtained from historical investigations and records 32 . For the population dynamics plot in Fig. 4c , the relative prevalence of each sublineage in the past was estimated from the effective population growth curves generated by BSP analysis (each sublineage was estimated separately) and plotted using the 'streamgraph' package in RStudio (version 3.4.0).
Population growth rate estimation. The population growth rate per year was calculated using the effective population growth curves generated from BSP analysis 88 . Each skyline plot consisted of 100 smoothed data points, at 5~11 yr intervals. For L2.2 and L4.5, the effective population size increase was preceded by a brief period of stationary size. The initial population size N 0 was set as the minimum population size during the period immediately preceding population growth. The population size became stationary or even decreased at later stages. Thus, we estimated the effective population growth rate for the increasing interval in our data 88 . The exponential growth equation was chosen for this analysis:
In this equation, r represents the population growth rate per year, N 0 is the initial population size and t is the duration of time since growth began. 
Data availability
Sequencing reads have been submitted to the European Nucleotide Archive (EMBL-EBI) under study accession PRJEB23157. The geographic information for individual isolates is listed in Supplementary Table 3 . The analysis scripts used in this study are available online at GitHub (https://github.com/StopTB/China_TB_ Evolutionary_History). 
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n/a Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement An indication of whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
The statistical test(s) used AND whether they are one-or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.
A description of all covariates tested A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons A full description of the statistics including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
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Data collection
The MTBC isolates were genotyped or whole-genome sequenced in this study were collected by Chinese Center for Disease Control and Prevention, and no software or computer code were applied here.
Data analysis
All commercial codes/softwares used in this study have been described with the exact versions and source links in Methods section. These include Tableau (v10. For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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Sample size
A total of 4,578 MTBC isolates were included in this study. The number of MTBC isolates collected from each province was proportional to its TB prevalence.
Data exclusions 702 MTBC isolates that failed in re-culture process were excluded in this study, and these isolates were not within the 4,578 isolates addressed above.
Replication
All phylogenetic trees reconstructed in this study were tested with 500 bootstrap repeats. For each BEAST analysis, at least 30 million chains were generated.
Randomization Cluster-randomized sampling method was used to collect MTBC isolates in each province in China.
Blinding
Blinding was not relevant here as there is no group allocation in this study.
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